Twenty post-stroke patients were assigned to one of three treatment conditions or to a control group to test whether exercises, determined in a previous study to recruit maximal extensor digitorum participation, would improve finger extension function over time. The exercises were resisted grasp, resisted extension, and ballistic extension. Improved function was defined as increased active range of motion, speed of reversal of movement, and ability to grasp and release cylinders. Significantly more subjects assigned to ballistic or resisted extension conditions improved in their a8ility to rapidly reverse movement over the course of treatment as opposed to those aSSigned to resisted grasp or control conditions. However, Kruskal-Wallis nonparametric analyses of variance indicated that no exercise improved all three components offunction signifi· cantly more than another or the control condition. Since no clear difference wasfound between the control and treatment conditions, it was concluded that motor unit recruitment as an attribute of activity is insufficient to improve function in poststroke patients. The strength of this conclusion is limited by a chance imbalance ofpatient assignment in which significantly more patients assigned to resisted and ballistic extension conditions were at a higher level of recovery of motor control.
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T he ability to extend the fingers is necessary for the prehensile and nonprehensile functions of the hand This ability is slow to redevelop in some people who have had a stroke. Therapy to enhance the recovery of finger extension, if effective, would improve a person's ability to do the tasks that are important to his or her life-style. Using neurorehabilitation methods to increase recruitment of motor units in muscles antagonistic to spastic muscles, therapists have sought to improve the movement of body parts served by these underperforming muscles.
The methods used most frequently to facilitate motor unit recruitment include sensory stimulation, as suggested by Rood (1962; Harris, 1978) , or reflex enhancement combined with voluntary effort, as suggested by Brunnstrom (1970) Since it is unclear whether the effects of sensory stimulation such as brushing and icing are delayed (Rood, 1962) or immediate (Harris, 1978; Matyas & Spicer, 1980) , and since the Brunnstrom (1970) procedure to increase finger extension consists of several different manipulations, a more controlled method of recruiting high levels of extensor digitorum activity was used in this study. A previous electromyographic study (Trombly & Quintana, 1983) had shown that one or more of three types of exercise recruited high levels of muscle activity (~90% of available motor units) in the extensor digitorum of 9 out of 10 stroke patients.
These exercises were (a) resisted grasp of a I-in. cylinder, (b) extension resisted by rubber bands, and (c) qUickly flicking a Ping-Pong ball into a target cup (ballistic extension). In that same study, no significant faci Iitative effects in range of extension movement, in balance between flexors and extensors, in amount of carryover of motor unit recruitment of the extensor digitorum, or in the speed of extensor movement were seen as an immediate result of three repetitions of each of the exercises. However, since small, nonsignificant changes in finger extension function did occur in the predicted direction, we hypothesized that increased treatment repeated daily would produce more substantial functional results. Therefore, this clinical study was undertaken to answer the question, Do these three exercises, assumed to evoke maximal motor unit recruitment of the extensor digitorum of hemiparetic patients, if repeated 10 times daily, increase extensor functioning as defined as increased range of motion, increased speed of finger tapping, and improved ability to grasp and release various sized cylinders?
Method
The study was conducted in the occupational therapy department of the New England Rehabilitation Hospital (NERH) in Woburn, Massachusetts, by a group of occupational therapists who responded to an ad-vertisement in the MAOT Newsline seeking clinicians to implement the study.
Subjects
The first 23 post-stroke patients admitted to NERH after September 1, 1982, who could grasp a 2.5-cm cylinder, could understand directions, were free of pain of the affected upper extremity, were willing to participate, were medically cleared for participation by their physicians, and were expected to stay for several weeks were tested as they were admitted. Data from three subjects were eliminated because of too few treatments before discharge. Data were collected through December 1984.
Descriptive information for the sample is in Table  1 . The hemispheric site of the lesion was evenly distributed among the groups. All patients expressed a preference for right-handedness. Passive range for finger extension was normal in all subjects. Sensory abilities were similar across the groups. Using Kruskal-Wallis one-way analysis of variance, there were no significant differences in the number of treatments received by patients assigned to each group, in time elapsed between date of stroke and start of the study, or in the ages of patients aSSigned to each condition (see Table 2 ). A significant imbalance in patient assignment occurred by chance. Those patients assigned to ballistic and resisted extension groups were at a higher level of return of hand function than those assigned to resisted grasp or the control condition (x 2 = 7.91, df= 1,p<.01.
Instrumentation
Operating from the belief that treatment effectiveness, to be an asset to a patient, should be observable by measures easily related to hand function even though these may be too insensitive to detect minute Second, ability to rapidly reverse the direction of movement of fingers was tested using the Halstead Finger Oscillation Test (Halstead, 1947 ). An electric counter tallied each press of a lever. The lever was adapted using tongue depressors to accommodate all fingers at once. The hand was stabilized so that motion occurred at the metacarpal phalangeal (MP) joints. One 10-second trial of tapping was done for each hand. The unaffected hand was tested first. The score was the number of taps per 10 seconds.
Third, the ability to pick up and release objects was tested using a set of five cylindrical pegs measuring 1 to 5 cm mounted in a holder which kept the pegs upright. The patient tried to grasp each peg, remove it from the board, and release it. If the patient's weak proXimal upper extremity interfered with the task, an overhead sling was used to support the extremity (this was necessary for one patient). One point was scored for each peg grasped, and 1 point for each peg voluntarily released. The total possible score was 10.
Measurements were taken immediately prior to and following each day's treatment. The therapists practiced on each other for consistency of measurement. Using Pearson product-moment correlation, intrarater reliability for all measures ranged from r = Average Brunnstrom Stage (average change)
• When one subject (38 weeks) is eliminated, the average becomes 4.4 weeks.
85 to 1,0, Except for two subjects, each subject was tested throughout by the ther3pist assigned to him or her. Those twO subjects were treated by the same pair of therapists whose interrater reliability was r = ,97 for metacarpal phalangeal (MP) ROM, r = ,07 for proximal interph<llangeal (PIP) ROM, r = ,81 for distal interphalangeal (DIP) ROM, and r =95 for tapping, No reliability was calculated for the grasp/ release test.
Procedure
When the patient was referred to occupational therapy, the therapist determined whether the patient met the study criteria, discussed the project with the patient's physician, and secured the physician's permis· sion, Then the therapist discussed the project with the patient and asked the patient to participate, A consent form was signed, At the start of the project, a random list of the exercises was developed for each therapist. As each patient joined the study, he or she was assigned to the activity that was next on that therapist's list, The exception was for two patients who could only grasp but had no active release; to prevent frustration, these subjects were assigned to the grasp task. After five subjects had been treated using a particular activity, that activity was eliminated from the lists in order to ensure an even distribution across activities, since the sample was so small.
The four treatment conditions were as follows: 1, Resisted grasp of a Jamar dynamometer was set so the handles were 25 cm apart or of a Hand Helper Exercise Aiel (Fred Sammons, Inc., Box 32, Brookfield, IL 60513·0032) loaded with the maximum number of elastics the patient could squeeze, The choice of task was the patient's but remained the Table 2 Results of Kruskal-Wallis Analyses of Variance Figure 1 Finger Extension Exercise Board same throughout the experiment. The maximum grasp was held for 6 seconds at each trial. The forearm was in midposition, with the elbow resting on the table for support, Verbal encouragement was given to increase the patient's output, Each contraction was followed by a 5-second rest. The grasp-rest sequence was repeated nine more times in each treatment session 2, Resisted extension was offered by the maximum number of rubber bands that the patient could extend against and hold for 6 seconds, These were placed over the middle phalanges, The pronated forearm and palm rested on a board designed to stabilize the wrist (see Figure 1) , One patient could not use this setup, so the therapist held his forearm in midposition, stabilized his wrist, and held the rubber bands fixed as the patient extended his four fingers against them, Verbal encouragement was given to all patients throughout the holding phase, The 6-second hold, 5-second rest sequence was repeated nine more times in each treatment session. 3. Ballistic extension was used to flick a PingPong ball at a paper cup target placed 30-45 cm away from the subject's pronated hand. The Ping-Pong ball was placed in front of the flexed fingers (middle finger) and the subject was told (or it was demonstrated if necessary) to flick the ball to knock down the cup. Verbal encouragement was given to increase the force (speed). A 5-second rest followed each trial. Ten trials were done in each treatment session.
4. Subjects in the control group could engage in any activity that did not involve the affected hand. This was done for 10 minutes between the pre-and postmeasurement on each day that treatment was given.
For each condition, the experimental procedure preceded the patient's regular treatment in occupational therapy. The experiment was repeated daily, for a maximum of 20 treatments, or until the subject was discharged.
Data Analysis
The average daily change was calculated for each measure. This represented the gain or loss made immediately following the experimental condition as compared to the measurement immediately preceding the experiment each day. By using average daily changes, it was assumed that any effects due to intervening variables outside of the treatment situation were eliminated.
Because of the small sample size, Kruskal-Wallis nonparametric one-way analyses of variance were used to analyze the range of motion, tapping, and grasp/release data. This test uses the sum of ranks of scores rather than mean scores to determine differences. Level of significance was set at p = .05.
Variables related to improvement or lack thereof, regardless of experimental condition, were tested using chi square.
Results and Discussion

Immediate Effects
There were no significant differences among the four conditions in average daily gain in MP range of mo tion, PIP range of motion, DIP r~lQge of motion, or in total range of motion (see Tables 2 and 3 ). Average daily changes in ROM at each joint are within measurement error (Table 3) , and therefore no exercise can be considered to have a real immediate effect on range of finger extension. Average daily changes in tapping scores were also low, and no significant differences were seen among the four conditions (see Tables 2 and 3 ). Little or no immediate change occurred in grasp/release scores of subjects asssigned to any of the groups, and there were no significant differences among the groups (see Tables 2 and 3 ) Therefore, it was concluded that daily use of activity that recruits high levels of motor unit activity does not improve finger extension function in poststroke patients more than no treatment. This finding corroborated the results found preViously when each activity was tested in one session (Trombly & QUintana, 1983) 
Cumulative Effects
Because the therapists reported that patients were improving as a result of these exercises and because this data analysis did not support those observations, cumulative gains made during the course of the experiment were analyzed. The scores after treatment on the final day were compared to the scores taken before treatment on the first day.
There was a cumulative increase in the affected hand in the number of taps per 10 seconds on the Halstead Finger Oscillation Test under some conditions. The difference seen among the groups was significant (see Table 2 ) The rank sums for the control and resisted grasp conditions were low, while the rank Sll ms for the ballistic and resisted extension conditions were hoth high, indicating that significant improvement occurred under these conditions. The significant imbalance that occurred in subject assignment relative to level of recovery of hand function at the start of the study may have influenced this outcome. The subjects assigned to resisted and ballistic extension were at higher levels of recovery than those aSSigned to resisted grasp or the control condition. Therefore, it could be argued that those subjects who had already developed some voluntary finger extension (level IV) were better able to benefit from therapy. However, no significant difference (X who were graded above level III improved (defined as a gain of 10 or more taps), as compared to those graded at or below level III, regardless of experimental condition (see Table 5 ).
Looking at the means (Table 4) , resisted extension is the condition under which the tapping scores for the affected hand increased more than expected if compared to the scores of the unaffected hand. Since, in general, the unaffected hand did not make comparable differential gains (Table 2) , support exists that resisted extension produced a treatment effect.
As was seen previously (Trombly & Quintana, 1983; Trombly, 1964) , ballistic extension, which rapid Iy stretches the flexors and therefore hypothetically recruits more motor units of the usually overactive flexors and reciprocally inhibits the extensors (Harris, 1978) , did not jeopardize extension. This observation, in combination with the fact that the means and rank sums of the resisted grasp and control groups were almost identical to each other, leads to the conclusion that motor unit recruitment was not the essential aspect of the treatment. If motor unit recruitment was the key factor, the resisted grasp and control groups should not be comparable, since there is electromyographical evidence that resisted grasp recruits motor units in the extensor digitorum of stroke patients and the control condition would not. The cumulative improvement in the ability to rapidly tap a lever using the affected hand follOWing both resisted and ballistic extension may indicate that practice of the specific movement with concentration is more important in regaining motor control than recruitment of motor units per se. There were substantial increases in range of motion under treatment conditions, especially of the MP and PIP joints (Table 4) , but the effects of the treatment conditions were not significantly different from the control condition (Table 2) . A significant relationship existed between Brunnstrom Level of Recovery at the start of the study and improvement in total range of motion, defined as 2:9 degrees, independent of treatment group (see Table 5 ). Those graded level IV or above were more likely to improve range of finger extension.
Resisted extension resulted in cumulative improvement in ROM beyond the boundaries of measurement error, and, while the ranked scores under this condition were not significantly different from the others, this exercise does seem to be clinically beneficial for some patients, as was seen earlier (Trombly, 1964) dence suggested otherwise (Trombly & Quintana, 1983) Unfortunately, none of these observations has been supported statistically, and therefore they are still speculative. Two subjects aSSigned to resisted grasp and one to the control condition lost total ROM over the course of the experiment. Trends of scores from both an electro myographic study (Trombly & Quintana, 1983 ) and a clinical study (Trombly, 1964) had suggested that resisted grasp did not seem to result in lost finger extension function; more study is needed to determine what coexisting variable influences the effect resisted grasp has on range of finger extension for certain patients.
Since the improvement seen in the treatment groups was not significantly different from that of the control group, the recruitment of high levels of motor unit activity, while it may be an element in the improvement observed, was not influential enough to demonstrate a clear advantage for these treatments.
The fact that there were cumulative improvements seen in all groups suggests that factors held in common by all four conditions could have been important determining variables that obscured the differential effects of the treatment conditions. These factors were the recovery process and learning during the testing situation. Recovery, which occurred in all groups (Table 1) , was not significantly different across the groups in either upper limb or hand recovery, using Brunnstrom evaluation (Table 2) . During testing, the subjects attended to the extension movement by concentrating on fully extending their fingers and by trying to improve tapping and grasp/release scores. The patients were given immediate feedback concerning performance. These components (attention, practice, feedback) are basic to motor learning (Schmidt, 1982) . Therefore, the natural recovery process combined with learning could explain the improvement seen by the therapists. Goldman (1976) concluded from her study of brain-lesioned infant and juvenile monkeys that maturation (recovery process or passage of time) was insufficient to support recovery of function and that training was essential to such recovery. Further study of motor relearning in stroke patients is needed.
In this sample neither status of sensory perception, nor time since onset, nor site of hemispheric involvement, nor number of treatments related significantly to cumulative improvement in total range of motion or tapping (see Table 5 ).
There was, again, little change in the grasp/release scores of subjects in any group, partly due to ceiling effect of scoring, and there were no significant differences among the groups (see Tables 2 and 4) .
Conclusion
Despite the limitations of this study, it is concluded that none of the three exercises believed to increase
The American Journal of Occupational Therapy motor unit recruitment of the extensor digitorum of hemiparetic patients substantially increased finger extension function, which was defined as the ability to extend the fingers actively, to rapidly reverse movement, to tap the fingers repeatedly, and to grasp and release various-sized cylinders, as compared to no treatment. Therefore, therapy aimed at increasing motor unit recruitment may have too Iowa cost/benefit ratio to be justified. Before that decision can be made conclusively, further study is needed. Future studies need to ensure that subjects of comparable recovery levels are equally distributed among the groups, a limitation of this study. Since motor learning is an alternative explanation for the significant improvement in tapping scores seen in this study as a result of resisted and ballistic extension, it also needs to be controlled in future studies.
Because of the heterogeneity inherent in the population of stroke patients, single-case experimental studies in which one subject at a time is studied intenSively will probably more clearly identify those variables that control recovery of function than can be obtained from studying groups.
